L-theanine reduces cellular senescence through the HAS2–NRF2 axis
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Introduction
Cellular senescence is a stable state of growth arrest in which cells lose their proliferative capacity while remaining viable, typically associated with aging. Natural compounds have attracted attention for their potential to alleviate senescence and restore suppressed cell growth.
Aims
This study investigated whether L-theanine exerts anti-senescence effects in cellular models and explored the role of the HAS2–NFE2L2 (NRF2) axis in mediating these effects.
Methods
Senescence was induced in vitro using cisplatin and tert-butyl hydroperoxide (t-BHP). Cells were treated with L-theanine, and senescence markers were assessed, including senescence-associated β-galactosidase (SA-β-gal) activity, reactive oxygen species levels, cell cycle arrest, and inflammatory gene expression. Expression of HAS2 and NFE2L2 was measured by qPCR and immunoblotting. Hyaluronic acid supplementation and NRF2 knockdown experiments were performed to assess the mechanistic pathway.
Results
L-theanine significantly reduced SA-β-gal activity, oxidative stress, cell cycle arrest, and inflammation-related gene expression in both senescence models. L-theanine increased HAS2 and NRF2 expression. Hyaluronic acid treatment enhanced NRF2 expression, supporting HAS2 as an upstream regulator. Although L-theanine elevated HAS2 expression in NRF2-knockdown cells, alleviation of senescence markers was not observed under these conditions, indicating NRF2 dependency.
Discussion
L-theanine exerts anti-senescence effects by activating the HAS2–hyaluronic acid–NRF2 axis, leading to upregulation of NRF2 and its downstream antioxidant genes. These findings highlight L-theanine as a novel anti-senescence compound with a distinct mechanism involving HAS2-mediated NRF2 activation.

